Abstract. An intelligent E-Manufacturing system was developed in this paper. The high speed machining center was rebuilt using 3D CAD system. The moving table (X axis), span column (Y axis), spindle (Z axis) and the tool changing system were modeled precisely. The high speed cutting (HSC) experiments of AL 6061 were carried to obtain the cutting forces and surface roughness for different cutting conditions. The backward propagation supervised artificial neural network (ANN) system was developed to predict the results of the high speed cutting. The intelligent virtual reality (VR) system of high speed cutting was developed integration the ANN and the VR environment. The users were able to learn the manual and the CNC operations of the HSC machine. The actions of users were recorded and evaluated to judge the learning results. The cutting results of forces and surface roughness of user's NC program was predicted by the ANN system to assist the NC programmer to adopt the suitable cutting parameters. The developed VR system was deployed to the internet webpage to supply a good E-Learning and E-Manufacturing environment.
Introduction
The life cycle of products was shortened and the quick manufacturing system was more demanding. The HSC machines were able to reduce the direct cutting time of molds and dies. The experienced NC programmers and machine center operators were facing the new challenges of HSC. A flexible and affordable VR training system of HSC was very helpful to the engineers for using the HSC machine efficiently and safely. Qiu [1] et al proposed a multi-user WWW NC cutting simulation platform using the Java, VRML and EAI interface. The image of workpiece after cutting was updated dynamically. Cheng [2] et al proposed the concept of distributed network manufacturing mode. The middle and small size enterprises can improve their manufacturing method by suing the information technology and DNMM. The NC machines were integrated into a manufacturing network. Ryken, and Michael J. [3] proposed a modeling system of mechanical parts which integrated the VR, Finite Element Analysis, NURBS(Non-Uniform Rational B-spline) model, sensitivity analysis and collision detection techniques. Users were able to watch the modification results of a part in the virtually real 3D model using the 3D projection system. The interferences of an assembly part can be examined. Bo Huang [4] et al used the Java and CGI(Common Gateway Interface) programs to display the data of GIS (Geographical Information System) virtually. The proposed system was integrated into a webpage to supply an user-friendly and flexible environment. John C. Waller [5] et el used the internet webpage to teach the students to use the expensive Gas Chromatograph -Mass Spectrometer(GC-MS) correctly and safely. Shin-Ching Ou [6] et al proposed an interactive manufacturing system using Virtual Reality Modeling Language(VRML). The VR scenes were built using EON studio. The client-server interface was built using CORBA technique. The proposed system was integrated using Visual C++ program.
Methods and theories of the proposed system
The 3D model of the HSC machine, MAHO DMC 70V, was built into the moving parts and fixed elements respectively. The moving parts include table (X axis), span column (Y axis), spindle (Z axis) and the ATC (automatic tool change) system. The fixed parts include the machine base and the other components. This 3D model is the foundation of the proposed system. Virtual reality. The VR system was divided into two main dramas, one for the learning of the HSC machine operation, the other for the learning of the NC programming. The basic operations of HSC machine include the machine on/off procedures, tool changing procedures, cutters measuring procedures, workpiece measuring procedures, manual moving procedures of the axes and the NC machining procedures. The learning of NC programming include the MDI mode operation, the choice of cutting parameters, the NC codes writing and the action of G and M codes.
Modeling of HSC machine. The moving parts and the fixed elements of HSC machine were built separately. The moving parts (X axis,Y axis, Z axis and the ATC system) were treated as four objects in the VR system. The fixed part (machine base, CNC screen and operation panel) was treated as one object. The key components of the VR machine was shown in figure 1. The dimensions of each component were built precisely in according to the real machine. The collision and over limit problems were taken into consideration. This is the basic requirement of the CNC machine operation. The ATC system was divided into the tool magazine and tool changing mechanism. Users can observe the detail of the tool changing sequence. The CNC screen and control panel were built with the texture mapping technique to mimic the real machine. Texture mapping. In order to show the components of the HSC machine colorfully, texture mapping is required. The single layer with multiple materials was used by DirectX, LightWave, RenderWare, Softimage, StereoLithography, trueSpace, XGL and ZGL files. The STL files only have one material and seem dull. The former is more colorful, the later is more efficient. The 3D model of HSC machine was built in SolidWorks and exported to EON in the format of ZGL. Colors are remained as specified in the CAD system. Texture mapping was done in EON. The 3D model in SolidWorks was exported to trueSpace in the format of STL. The colors setup and the texture mapping were finished in the trueSpace. The colored and texture mapped model was imported to the EON for the VR system build up. The learning system of the NC programming adopted the former mapping method. The HSC machine basic operation learning system used the later mapping. The results of the different texture mapping of HSC machine was shown in figure 2. Interaction with the VR system. The developed VR system should be able to sense the input and intention of the users. It must response correctly to the request or motion of users. In the EON programming environment, nodes of sensor and action were connected to build up the scenes. The nodes of sensor were built to detect the action of the users. A script node was the programming section of VR system developer to design a more complex system response. To change the cutter manually or automatically required many actions of many objects and a script function was required to calculate the positions of objects and move them to the correspondent places. The drama of a VR system was composed of many scenes that guide the users to interact with the system tool action. The script file of the Y-axis movement acted as the controller of the real NC machine. ANN model. The learning rule of generalized delta for feed forward network was adopted. The back-propagation network (BPN) mechanism was adopted to minimize the error function. The steepest descent method was adopted to modify the weights of neuron. Figure 4 shows the BPN of the two layers model developed in this paper. The BPN structure has I neurons (x 1 to x I) in the input layer , m neurons in the first hidden layer H1 , n neurons in the second hidden layer H2, J neurons in the output layer (y 1 to y J ) and the same J desired outputs (d 1 to d j ). where, w is the weight of neuron between the input layer and the first hidden layer, α is the momentum to correct the modification rate, t is the time step of the iteration. The activation function of the first hidden layer is defined in equation (2).
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The error function triggered the back-propagation process to correct the weight of neurons. The steepest descent method was adopted to find the search direction. The learning rate,η , decides the step size. Combining the steepest descent method and the learning rate, the modification of weight of the second hidden layer, ∆w j , was obtained and defined in equation (4).
Build up cutting knowledge for ANN model. The intelligent VR system requires the knowledge of cutting results. The cutting forces in the X-, Y-and Z-direction can be predicted by the proposed system if there are enough cutting data. The maximum surface roughness of the workpiece can also be predicted. The straight fin cutting experiments were carried out on the MAHO DMC 70V high speed cutting machine. The power of the spindle is 1.5 kW. The maximum rotation speed is 42,000 RPM. The materials of workpiece were AL6061 and SKD 11 in the dimension of 60x38x38(mm). The 6φ flat end cutters with 3 flutes were chrome-plated and made of super fine powder of tungsten-carbide. The helix angle of cutter is 45 degrees. The cutting forces were measured using the Lebow 6423 3-axes dynamometer connected to the Vishay SYSTEM 6000 data acquisition system. The surface roughness was measured by using the Mitutoyo SJ-301 surface roughness tester. The sampling length is 2.5 mm with the testing speed of 0.5 mm/s. The cutting conditions of the experiment were shown in 
Results and discussion
Learning the operation of HSC machine. In figure 5 , the left-hand-side showed the result of the manual axis movement of the HSC machine. If the movement of the axis in one direction going too far, the limit error triggered a warning message " Limit switch Z+" was prompted in the right-hand-side figure. This training procedure of manual movement of axes can prevent the damage of machine from the new or unfamiliar users. ANN model. The cutting forces and the surface roughness are the main concern of the cutting parameters setting. If the cutting force is too large, the cutter is easy to break and the vibration may lower the dimension accuracy. The surface roughness is more demanding in the die making. Figure 7 showed the force and surface roughness given by the ANN prediction and the experiment results. The ANN system used 20 and 12 neurons in the first and second hidden layer, respectively. The learning rate was 0.5, the momentum was 0.5 and the iteration was 30000 times. It demonstrated a very good agreement of the prediction and experiments. Fig. 7 . The ANN prediction and the experiment results of the surface roughness Ra(LHS) and the X-axis cutting force(RHS).
Conclusions
The experimental results of the cutting force and the surface roughness were in good agreement with the ANN prediction. That means a valid ANN model had been established. The cutting knowledge can be transferred into the intelligent VR system successfully. An internet-based VR system was developed to facilitate the E-manufacturing more efficiently and safely. The collision detection of NC code and the manual operation of machine movement was an important protection way of machine and operators. The learning systems of machine operation and NC coding were developed successfully.
